The induction, formation and maintenance of memory represent dynamic processes modulated by multiple factors including the circadian clock and sleep. Chronic sleep restriction has become common in modern society due to occupational and social demands. Given the impact of cognitive impairments associated with sleep deprivation, there is a vital need for a simple animal model in which to study the interactions between chronic sleep deprivation and memory. We used the marine mollusk Aplysia californica, with its simple nervous system, nocturnal sleep pattern and well-characterized learning paradigms, to assess the effects of two chronic sleep restriction paradigms on short-term (STM) and long-term (LTM) associative memory. The effects of sleep deprivation on memory were evaluated using the operant learning paradigm, learning that food is inedible, in which the animal associates a specific netted seaweed with failed swallowing attempts. We found that two nights of 6 h sleep deprivation occurring during the first or last half of the night inhibited both STM and LTM. Moreover, the impairment in STM persisted for more than 24 h. A milder, prolonged sleep deprivation paradigm consisting of 3 consecutive nights of 4 h sleep deprivation also blocked STM, but had no effect on LTM. These experiments highlight differences in the sensitivity of STM and LTM to chronic sleep deprivation. Moreover, these results establish Aplysia as a valid model for studying the interactions between chronic sleep deprivation and associative memory paving the way for future studies delineating the mechanisms through which sleep restriction affects memory formation.
Introduction
Increasingly, individuals are working longer hours with approximately 19% of adults working more than 48 h per week and 7% working more than 60 h per week (Alterman, Luckhaupt, Dahlhamer, Ward, & Calvert, 2013) . Consequently, chronic sleep restriction has become prevalent in modern society as a result of occupational and social demands (Akerstedt & Wright, 2009; Costa, 2015; Liu et al., 2016) . Approximately 35% of American adults and an increasing number of children and adolescents report insufficient sleep at night (Centers for Disease Control & Prevention, 2011 , 2012 Liu et al., 2016) . In national surveys conducted in 2005 and 2010, one-third of adult workers reported an average of less than 6 h sleep per night (Centers for Disease Control & Prevention, 2011 , 2012 Luckhaupt, Tak, & Calvert, 2010) . Insufficient sleep and sleep disorders not only represent a public health problem in the United States and western countries, but are also arising as a significant health issue in countries across Africa and Asia (Stranges, Tigbe, Gómez-Olivé, Thorogood, & Kandala, 2012) . Chronic sleep restriction results in poor performance in tasks measuring sustained attention such as the psychomotor vigilance test (Mollicone, Van Dongen, Rogers, Banks, & Dinges, 2010), working memory (Drummond, Anderson, Straus, Vogel, & Perez, 2012; Jiang et al., 2011) and long-term memory (Lo, Bennion, & Chee, 2016; Lo, Ong, Leong, Gooley, & Chee, 2016) . Both mild ($3 h/day) and harsh ($7 h/day) sleep restriction for 1-2 weeks result in cumulative adverse effects on attention and cognition (Belenky et al., 2003; Dinges et al., 1997; Van Dongen, Maislin, Mullington, & Dinges, 2003) .
In light of the accumulating evidence regarding the adverse effects of even short periods of sleep restriction on performance and memory, relatively little is known about the mechanisms through which restricted sleep affects performance and cognitive function. In rodent models, chronic sleep restriction paradigms involve extended sleep deprivation protocols frequently continuing for multiple weeks or months (Alzoubi, Khabour, Albawaana, Alhashimi, & Athamneh, 2016; Alzoubi, Khabour, Rashid, Damaj, & Salah, 2012; Rothman, Herdener, Frankola, Mughal, & Mattson, 
